Keywords: persistent pulmonary hypertension in the newborn (PPHN) cerebral angiogenesis HIF-1␣ VEGF sheep a b s t r a c t Background: Persistent pulmonary hypertension of the newborn (PPHN) is associated with increased risk of neuro-developmental impairments. Whether relative fetal hypoxia during evolution of PPHN renders the fetal brain vulnerable to perinatal brain injury remains unclear. We hypothesized that in utero ductal constriction, which induces PPHN also impairs cerebral angiogenesis. Methods: Fetal lambs with PPHN induced by prenatal ligation of the ductus arteriosus were compared to gestation matched twin controls. Freshly collected or fixed brain specimens were analyzed by immunohistochemistry, Western blot analysis, and RT-PCR. Results: Cortical capillary density was decreased in PPHN lambs compared to controls (Glut-1, isolectin B-4 and factor VIII, n = 6, p < 0.05). Hypoxia inducible factor-1␣ (HIF-1␣) and vascular endothelial growth factor (VEGF) protein levels were decreased in cortical cell lysates of PPHN lambs. PPHN increased angiopoetin-1 (Ang-1) and tyrosine-protein kinase receptor (Tie-2) protein expression while angiopoetin-2 (Ang-2) protein levels were decreased (n = 6, p < 0.05). PPHN did not change mRNA levels of these proteins significantly (n = 6). Conclusions: PPHN decreased cortical capillary density in fetal lamb brain. PPHN decreased the expression of proteins involved in angiogenesis. These findings suggest that PPHN is associated with impaired cortical angiogenesis.
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Introduction
Persistent pulmonary hypertension of the newborn (PPHN) predisposes infants to long-term neurodevelopmental impairment (Konduri et al., 2007a; Berti et al., 2010) . Up to 25% of infants that survive PPHN have neuro-developmental impairments, including moderate-severe cerebral palsy and Bayley Mental and Psychomotor developmental indices below 70, despite advances in intensive care support (Konduri et al., 2007a) . The onset of PPHN occurs during a time of robust cerebral angiogenesis in the newborn and this Abbreviations: CNS, central nervous system; PPHN, persistent pulmonary hypertension in the newborn; PDA, patent ductus arteriosus; Glut-1, glucose transporter-1; HIF-1, hypoxic inducible factor-1; VEGF, vascular endothelial growth factor; COX-2, cyclooxygenase-2; Ang-1, angiopoetin-1; Ang-2, angiopoetin-2; Tie-2, tyrosine-protein kinase receptor.
* process is highly sensitive to changes in blood flow and oxygen levels (Dore-Duffy and LaManna, 2007; Trollmann and Gassmann, 2009) . The clinical course of infants with PPHN suggests that their adaptation to systemic hypoxemia is impaired. It is unknown if the fetal brain undergoes appropriate vascular remodeling in the presence of PPHN and alterations in oxygen supply in utero. Our study investigated the adaptive mechanisms of cerebrovascular remodeling to PPHN in the fetal lamb brain. PPHN occurs when the pulmonary vascular resistance fails to decrease at birth (Konduri and Kim, 2009 ). The affected infant fails to establish adequate oxygenation during postnatal life and may develop multi-organ dysfunction (Lapointe and Barrington, 2011) . Hypoxemia in these infants is due to right to left extra-pulmonary shunting of blood as a result of supra-systemic pulmonary artery pressures. In utero pulmonary hypertension from ductal constriction leads to impaired development of pulmonary vasculature and decreased blood flow from right ventricle to the aortic arch, which may lead to altered cerebral blood flow. Previous studies suggested that altered autoregulation of cerebral blood flow in PPHN may cause hypoxic brain injury and contribute to cognitive deficits in http://dx.doi.org/10.1016/j.ijdevneu.2014.08.003 0736-5748/© 2014 ISDN. Published by Elsevier Ltd. All rights reserved.
